Stiffness, particularly "morning stiffness" is a characteristic symptom of active Rheumatoid Disease. An articular component of stiffness has been measured directly in a number of studies (Scott, 1960; Wright and Johns, 1961) . Stiffness in muscle is less readily measured and has been given relatively little attention. Stiffness in both muscle and joint increase the load on actively contracting muscle, and can therefore be expected to hasten the onset of muscular fatigue. In an isometric contraction, however, the effect of joint stiffness would presumably be minimal, and the development of fatigue would reflect mainly the muscular component of stiffness. If the rate of development of fatigue could be measured objectively, this should provide information regarding the state of the muscles in rheumatoid disease, as well as in other disorders associated with stiffness or weakness.
This report presents the results of a study of the changes in electrical activity of muscle occurring with fatigue in healthy individuals, patients with rheumatoid disease, and patients with neuromuscular disorders. The changes in the pattern of the myogram occurring with fatigue can be studied in records obtained with surface electrodes. It has been reported that the potentials increase in amplitude and diminish in frequency as fatigue develops (Cobb and Forbes, 1923) . Quantitative information about these changes may be derived by graphic or electronic integration of the myogram. It has been shown that the mean voltage of the electromyogram is proportional to the tension of an isometric contraction (Lippold, 1952 York, 16. with any given tension is increased when muscle has been fatigued by sustained isometric or isotonic contraction (Scherrer, Samson, and Soula, 1954; Edwards and Lippold, 1956; Lenman, 1959b) . In a graded series of voluntary contractions, tension and voltage have a linear relationship both before and in the state of fatigue, but the slope of the line differs (Edwards and Lippold, 1956; Lenman, 1959b) .
Material and Methods
The subjects studied were ten healthy individuals (Table I, opposite), 23 patients with rheumatoid disease  (Table II, overleaf) , and 21 patients with muscular weakness resulting from myopathy or neuropathy (Table III,  overleaf) .
Recordings of tension and electrical activity were obtained from the biceps brachii, and in some instances the triceps. The patients with rheumatoid disease were tested in the hours between 5.00 and 7.00 a.m., after a period of 24 hours without salicylate medication, at which time morning stiffness was maximal. The other patients and the healthy individuals were tested between 9.00 a.m. and 6.00 p.m.
The subjects were instructed to pull or to push, with the elbow at 900, against a rigidly mounted lever, so that the contractions were virtually isometric. The mounting of the lever incorporated a pair of strain gauges connected as a Wheatstone bridge energized by a source of constant alternating voltage. Force applied to the lever resulted in the production of sinusoidal, "out of balance", voltage proportional to the force applied. The electromyogram was recorded simultaneously from surface electrodes placed on the skin over the belly of the appropriate muscle. After amplification, the electrical activity was integrated in a circuit similar to that described by Bates and Cooper (1954) . This produced a series of pulses at a frequency proportional to the mean voltage of the electromyogram, and these, together with 76 00443 (14) 00385 (14) 00481 (14) 0|0460 ( the sinusoidal output from the dynamometer, were charted on paper by a two-channel pen-writer having a time trace. At the end of each experiment, the circuits were calibrated directly in millivolts and pounds, as described previously (Lenman, 1959a, b) . As in previous studies, the construction of voltage/ tension curves from data obtained in a series of contractions permitted comparison between different subjects of the effects of fatigue despite wide individual differences in maximum strength of contraction (Edwards and Lippold, 1956; Lenman, 1959b) . It has been found that the ratio of voltage to tension is consistently greater after a fatiguing contraction than before, but the strength of this contraction is necessarily arbitrary, and difficult to reproduce both in different subjects and also in the same subject on different occasions. (1) Healthy Subjects In nine of ten healthy subjects voltage tension curves were constructed as described above, for the biceps muscle, and in three the triceps was also studied. In the tenth subject the triceps alone were studied, and because the contractions were of shorter duration, curves were derived at 5 and 10 sec. only. These ten subjects were adults between 20 and 40 years of age. The results obtained in this group are listed in detail in Table I .
Of the thirteen muscles tested, only two, in both cases the biceps, had a voltage tension curve at the 15 sec. epoch significantly steeper than the curve at the initial epoch, and in no instance was the 10 sec.
curve significantly steeper than the initial (Table IV, below, p. 80).
In every case the coefficient of linear correlation between voltage and tension was high: thus the (14) 07287 (14) O 7359 (14) 07445 ( (14) 00618 (14) 00612 (14) 00644 (14) 01537 (16) 01573 ( Table 1 ).
The difference in slope between the four curves is not significant. (Table VI) . It was also evident that the contractions of the muscles of patients with rheumatoid disease took an unusually long time to build up to a steady teiision. The mean slope of the initial voltage tension regressions of the rheumatic patients was 0 -0439 (S.D. 0 0284) and did not differ significantly from that of the healthy subjects which was 0 0536 (S.D. 0-0194) ( Table V) . Difference between healthy group and R.A. group is significant-x2 = 3-85 (P = 0 05).
(3) Eleven Patients with Muscular Disorders (Table III) The group included seven patients with muscular dystrophy, two with polymyositis, one with dystrophia myotonica, and one with myasthenia gravis.
In three of the patients with muscular dystrophy the triceps muscle was tested, and in all others the biceps.
Of the seven biceps muscles tested in this group of patients, three showed a significant difference in the slope of the voltage tension curves between the initial and 10 sec. epochs (Table IV) . The difference between the patients in this group and the healthy subjects was not, however, significant.
Muscle power varied considerably from one patient to another in this group, but two of those with muscular dystrophy (Nos 2 and 11 in Table III (Lenman, 1959b) . From the data on the patient with myasthenia gravis (No. 8) the voltage tension regression was even steeper (0 1116), and it may be relevant that myopathic features were found in the muscles of this patient at autopsy.
(4) Ten Patients with Neuropathic Weakness (Table III) The group included five (four children and one young adult) with severe muscular weakness of some years' duration following acute poliomyelitis. In addition, there were five adults with muscular weakness resulting from active neuropathy: motor neurone disease (2), syringomyelia (1), bulbar palsy (1), and polyneuritis (1). With the exception of the young adult with post-poliomyelitic weakness, in whom the FLFCTROMYFYOGRAPHY IN RHEUMATOID ARTHRITIS 83 triceps muscle was tested (No. 21), all patients in this group had the tests performed on the biceps muscles.
In only one of the five patients with post-poliomyelitic weakness did the voltage tension curve at the 10 sec. epoch differ significantly from the initial curve. The two curves differed significantly in only one of the five patients with neuropathy (Table IV) .
The mean coefficient of correlation of the 20 voltage tension regressions in the poliomyelitis patients was 0 9030 (S.D. 0 0726). From the data on the other patients with neuropathic weakness, the coefficient was 0-9213 (S.D. 0 0548) ( Table VII) .
The mean slope of the voltage tension curves in the poliomyelitis group was 0 5589, and was thus very much steeper than that recorded in the healthy subjects, a finding previously reported (Lenman, 1959b) . The mean slope of the regression in the other five patients with neuropathy was 0 * 0744 (Table V) .
Discussion
Pain and stiffness of the inflamed joints of patients with rheumatoid disease are usually so disabling that it is difficult to evaluate the muscular component of stiffness by clinical examination. Nevertheless, patients with active disease frequently do complain of stiffness "in the muscles", especially when they awaken in the morning. It has been observed that this morning stiffness is accompanied by an impairment of "grip strength" and an increase in the volume of the tissues of the hand (Scott, 1960) . Some increase in the resistance of joints to passive movement has also been observed and it is likely that this would accelerate the onset of fatigue during active exercise. In the present study evidence has been presented to show that, in patients with active rheumatoid disease, muscle fatigue also develops with undue rapidity in the course of isometric contraction. It is suggested that this constitutes evidence for an abnormality within muscle itself.
In this report attention has been restricted to possible differences between normal subjects and patients in fatiguability of muscle. While admittedly small numbers of subjects were studied, it appears that a significant proportion of the patients with rheumatoid disease did show a measurably excessive degree of muscular fatiguability at a time when morning stiffness was maximal. Whether this abnormality persists throughout the day and whether it can be influenced by therapy are problems which remain to be investigated.
It is of interest that, of all the subjects investigated, it was those with myopathic disorders who most closely resembled the arthritic patients in terms of muscular fatiguability. Histological evidence of patchy degeneration of muscle fibres, "nodular myositis", has been reported as a feature of rheumatoid disease (Steiner, Fruend, Leichtentritt, and Maun, 1946) , and needle electromyography in patients with this disease has shown patterns with an excess of polyphasic motor units resembling those ofmuscular dystrophy and ofpolymyositis (Steinberg and Wynn Parry, 1961) . In addition, these workers and others have observed discontinuities in the strength/duration curves in rheumatoid disease, indicating partial denervation, perhaps as a consequence of damage to the distal nerve terminals.
In the present study, the patients with rheumatoid disease had a significant degree of muscular weakness, but the mean slope of their voltage tension regressions did not differ significantly from that of the healthy individuals. This finding indicates that in contrast with the weakness of muscular dystrophy, the loss of power is not a result of decreased efficiency of the muscle fibres (Lenman, 1959b) , but is more likely to be secondary to stiffness and pain. These factors probably contribute also to the slowness of the build up to steady tension observed in some of the patients with rheumatoid disease. Scott (1960) has suggested that one possible mechanism for the occurrence of morning stiffness may be a change in the elasticity of connective tissue, and it is conceivable that such a change could be reflected by the abnormal fatiguability of muscle observed in these patients.
Summary
(1) A method is described for the quantitative study of electromyographic changes associated with fatigue in different subjects.
(2) This has been applied to the study of ten healthy subjects, 23 patients with morning stiffness due to rheumatoid arthritis, and 21 patients with myopathy or with various forms of neuropathy.
(3) Electrical changes associated with fatigue are most prominent in the rheumatoid patients, are also present in certain of the myopathic patients, but are inconspicuous in the remaining subjects.
